
Summary 
 

In 2002 Japan’s contribution to the 

WorldFish Center has supported 

research on genetics and 

aquaculture in Africa. Two projects 

were supported. 

 

For Project 1, the objective is to 

improve aquaculture production by 

breeding a strain of tilapia that 

grows faster under pond conditions.  

A simple selection of fast-growing 

fish has been shown to yield 

significant increases in the growth of 

tilapia in Asia. The WorldFish Center 

is now building upon this success to 

adapt the technology to African 

conditions and improve production 

of the Nile tilapia (Oreochromis 

niloticus). To this end mass and 

combined family selection were 

continued in 2002 and a fourth 

generation of fish produced.  So far 

substantial gains in growth have 

been achieved but further 

experimentation is required to 

confirm these results.  The focus for 

2003 is to continue these selection 

programs while strengthening the 

capacity of African researchers to 

undertake selection programs. 

 

Project 2 is focusing on improving 

aquaculture management 

techniques. The results obtained in 

2002 have shown that farmers can 

double their net profit by stocking 

young of the year fingerlings and by 

growing these for a full 6 month 

growing season. However much 

further research on the most 

economically efficient options under 

different management conditions is 

required. To support this a pilot 

study to understand production 

economics at farm level was 

initiated. The focus for 2003 is to 

conduct further production 

experiments to enhance productivity 

and economic viability of culture 

systems. In addition a wider study of 

farm economics in more areas of 

Egypt will be initiated as will a study 

of market factors affecting 

aquaculture and fisheries in Egypt. 

 

Introduction 
 

Japan’s support to the work of the 

WorldFish Center in Africa and West 

Asia has allowed development of a 

substantial program of research at 

the Center’s regional facility at 

Abbassa, Egypt.  Two projects have 

benefited especially from this 

support.  Their activities and 

achievements in 2002 and plans for 

2003 are reported below.  
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Project 1: Genetic Improvement 

of Tilapia for Africa 

Period covered: 2002 
  

Background and Justification 
 

Cichlids are a prominent group of 

finfish that are abundant in Africa 

and Asia. They are vital as food for 

the poor in most African countries. 

Their contribution to poverty 

alleviation can be enhanced 

significantly through increasing their 

use and production in aquaculture. 

Culture of tilapia in Africa is currently 

limited to a few countries and is 

based mostly upon unimproved 

populations of Nile tilapia 

(Oreochromis niloticus). Genetic 

enhancement of cultured stocks can 

improve the efficiency of production 

in these countries, encourage other 

potential producers to adopt this 

technology, and hence contribute 

significantly to reducing 

malnutrition and poverty. Through 

the program on Genetic 

Improvement of Farmed Tilapia 

(GIFT), the WorldFish Center has 

demonstrated that simple selection 

for faster-growing fish can yield 

significant increases in growth of 

tilapia in Asia and these improved 

fish are now being used widely there.  

As a result it is believed that 

substantial improvements in 

aquaculture production in Africa can 

be achieved through similar 

selection for faster-growing fish in 

this region. 

 

Direct transfer of the improved 

strains from Asia has not been 

undertaken because of concern over 

the potential adverse impact on 

native germplasm in Africa and 

possible (and unknown) genotype 

by environment interactions. The 

approach being adopted by the 

WorldFish Center has therefore been 

to adapt the technology 

demonstrated in Asia for use in the 

genetic improvement of tilapia in 

Africa, to test other approaches, and 

to study the potential environmental 

consequences of genetically-

improved or enhanced stocks in the 

event of escapes. The present report 

describes progress on this work at 

the WorldFish Center`s regional 

research facility in 2002. 

 

Objectives 

 

 Produce genetically-improved 

tilapias for aquaculture. 

 Identify appropriate methods of 

tilapia breeding for Africa, 

notably by comparing mass 

selection, family selection, and 

to explore the potential value of 

marker-assisted selection 

procedures to produce 

improved tilapia for aquaculture. 

 Develop an approach to 

evaluate the potential ecological 

impacts of cultured stocks as 

well as certain practices in the 

aquaculture industry. 

  

2002 Results 

 

 Mass selection. Two selection 

programs are being carried out 

using Nile tilapia, (Oreochromis 

niloticus) and blue tilapia, (O. 

aureus), where in every 

generation a random (control 

population) and largest 10% 

(selected population) males and 

females are reproduced and the 

performance of their progeny 

tested in earthen ponds.  Two 

generations of selection in O. 

niloticus and three generations 

of selection in O. aureus have 

produced 23% and 14% 

improvement, respectively. For 

the third generation of selection 

in O. niloticus initial results 

suggest that low temperatures 

during the test period reduced 

survival of the random control 

more heavily than what was the 

case in the selected line. The 

resulting differences in fish 

density between the control and 

the selected lines in the 

evaluation ponds are believed to 

have affected growth 

performance, and are hindered 

by any genetic improvement 

that may have taken place in the 

third generation. 

 

 For both O. niloticus and O. 

aureus, the selection program 

was continued in 2002.  From 

the fish harvested in April 2002 

random (control) and largest 

10% (selected) males and 

females were reproduced, and 

the performance of their 

progeny is currently being 

evaluated in earthen ponds. 

Hapa net cages used for breeding 
tilapia in small farms in Africa. 



Data collected from these 

evaluations will be used to 

determine the genetic progress 

in performance and the future 

utilization of the selected lines. 

Final harvesting data will be 

available at the end of the 

growth period in April 2003. 

 

 Experimental work is also being 

designed to further investigate 

the effect of temperature on 

survival of the selected and 

control lines. 

 

 Combined family selection.  

Two-way crossbreds from the 

previous season were paired in 

hapas. Full-sib and half-sib 

family groups were produced 

and the resulting progeny, 

considered as the base 

population for selection, was 

individually identified with Floy 

tags.  Fish were weighed 

individually and allowed to grow 

in a communal evaluation pond 

under simulated commercial 

aquaculture conditions. At the 

end of the culture period, fish 

were harvested and their 

individual weights recorded.  

Using these data genetic 

parameters will be estimated 

and high-performing candidates 

selected as parents for the next 

generation.  

 

 In collaboration with Auburn 

University, USA, the possible 

association between genetic 

markers and a number of traits is 

being investigated.  Members of 

the above-mentioned base 

population were tagged and 

reared in a separate pond for 

two months. After collection of 

growth data, information on 

sexual maturity and tolerance to 

environmental stresses was 

collected. Based on the results, 

blood samples were collected 

from certain individuals and are 

currently being analyzed at 

Auburn University laboratories 

for DNA markers. 

 

 Combined family selection 

under low-input conditions.  

This project is conducted in 

collaboration with Wageningen 

University, The Netherlands. The 

first round of selection in Nile 

Fish sampling for growth performance  at the National Aquaculture Center, Domasi, Malawi. 



tilapia, (O. niloticus), was 

initiated under fertilized pond 

conditions (no feeding). Full-sib 

and half-sib families were 

produced and fish were 

individually tagged. Initial 

weights were recorded and 

communal testing was 

conducted. At the end of the 

culture period, individual 

weights will be collected and 

used for data analysis and an 

estimation of genetic 

parameters. At the end of two 

rounds of selection, the selected 

line will be compared to the line 

developed by the WorldFish 

Center under prevailing 

commercial aquaculture 

conditions.  Their performance 

will be evaluated under 

reciprocal farming conditions 

and results analyzed to 

determine if one line performs 

better under both 

environmental conditions.  Two 

PhD and three MS students have 

been admitted so far to work on 

this project. 

 

 Environmental impact of 

aquaculture. A proposal has 

been prepared to study the 

impact of cultured stocks on 

surrounding aquatic ecosystems 

and gene pools. Funding 

sources need to be identified. 

 

 Transfer of selective breeding 

technology to Africa.  Earlier 

successes of genetic 

improvement programs in 

tilapia have encouraged the 

WorldFish Center to transfer the 

improvement technology that 

has proven successful in Asia to 

African countries with the aim of 

helping them build their own 

capacity and initiate their 

national breeding programs 

utilizing native African tilapias. 

In pursuing this objective the 

project has worked with four 

African countries, Cote D’Ivoire, 

Egypt, Ghana, and Malawi. The 

Regional Center was closely 

involved with the work in Egypt. 

Eighty-six full-sib and half-sib 

families were produced at the 

research station of the WorldFish 

Center and transferred to the 

ponds of the Egyptian Central 

Laboratory for Aquaculture 

Research (CLAR) for 

performance evaluation in 

hapas. During the process, 

hands-on training on aspects of 

selection program management 

and execution were provided. In 

addition a specialized regional 

training program was organized 

on the collection, processing, 

and analysis of quantitative 

genetics research data. The 

program was organized in 

collaboration with the WorldFish 

Center’s headquarters in 

Penang, Malaysia, and was 

attended by 15 trainees from 7 

African countries, namely, Côte 

d’Ivoire, Egypt, Ghana, Kenya, 

Malawi, Nigeria, and the 

Republic of South Africa. 

 

 Establishment and 

maintenance of tilapia 

germplasm. Four populations 

of O. niloticus from Egypt and 

two stocks from Kenya and Cote 

d’Ivoire are being maintained, 

together with two crossbreeds 

and two mass-selected lines.  

Populations of O. aureus, 

Sarotherodon galilaeus, and 

Tilapia zillii are also being 

maintained. 

 

Activities Planned for 2003 

 

 Based upon results of selection 

and testing in 2002 the mass 

selection programs in O. niloticus 

and O. aureus and family 

selection in O. niloticus will be 

continued under commercial 

aquaculture conditions.  

 Correlated responses to the 

selection program will be 

studied to evaluate possible 

unintentional selection pressure. 

 In collaboration with 

Wageningen University, 

selection under low-input 

aquaculture conditions will be 

continued to produce a high-

performing line under low-input 

farming conditions.    

 Work to strengthen the capacity 

of National Agriculture Research 

Services (NARS) to undertake 

selection programs will be 

continued through research 

work and training. 

 

The WorldFish Center Staff 
 

Mahmoud A. Rezk, Ebtehag A. Kamel, 

George John, other nationally-

recruited staff at Abbassa, supported 

by Raul Ponzoni, Olla Florabelle 

Gagalac-Llanto and Shirley Tan in 

Penang. 

 



Collaborating Institutions 
 

Central Laboratory for Aquaculture 

Research (Egypt), Auburn University 

(USA), and Wageningen University 

(The Netherlands).  

 

Advisory Services and Training 
  

Kamel, E. A. 2002. Characteristics of 

tilapia (lecture). Regional 

training course on tilapia 

hatchery and farming. ICLARM, 

Regional Research Center for 

Africa and West Asia, 21 April to 

2 May 2002. 

Rezk, M. A. 2002. Tilapia genetics, 

improvement and conservation 

(lecture). Regional Training 

Course on Tilapia Hatchery and 

Farming. ICLARM, Regional 

Research Center for Africa and 

West Asia, 21 April to 2 May 

2002. 

Rezk, M. A.  2002. Application of 

genetics in aquaculture 

(lectures). Annual International 

Training Program in 

Aquaculture. The Egyptian 

International Center for 

Agriculture, Cairo, Egypt, 1 

October to 15 December 2002. 

Mahmoud A. Rezk. 2002. Regional 

training on analysis of breeding 

data and estimation of genetic 

parameters. ICLARM, Regional 

Research Center for Africa and 

West Asia, 12-16 May 2002. 

 

 

Conferences and Workshops  
 

John, G. 2002. International 

Conference on Ethical and Social 

Responsibilities in Science and 

Technology, 19-21 October 

2002, Alexandria, Egypt. 

Kamel, E.A. 2002. Workshop on the 

Harmonization and 

Standardization of Broodstock, 

Gene Banking, and Gamete 

Management Technologies for 

the Improvement of Cultured 

Stocks, Strains, and Conservation 

of Biodiversity in Asia, 22-25 

October 2002, National 

Aquaculture Genetics Research 

Institute, NAGRI, Pathumthani, 

Bangkok, Thailand. 

Rezk, M. A. 2002. Expert Consultation 

on Biodiversity and 

Environmental Impact of 

Genetic Enhancement and 

Introduction of Improved Tilapia 

Strains/Alien Species in Africa, 

20-23 February 2002, Nairobi, 

Kenya. 

Rezk, M. A. 2002. Biodiversity, 

Management and Utilization of 

West African Fishes, 2-4 July 

2002, Accra, Ghana. 
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Sorting and counting tilapia fry. 



Project 2. Improving Aquaculture 

Management Techniques 

Period covered: 2002 
 

Background and Justification 
 

The rapid development of 

aquaculture seen in Egypt augurs 

well for the region. This needs to be 

sustained and, wherever applicable, 

the lessons applied in other 

countries as changing conditions 

there create market environments 

that will favor future growth. It is 

possible to support this by 

expanding the portfolio of research 

in Egypt and the region while 

focusing on the development of 

aquaculture management 

techniques for priority species that 

have wide applicability. 

 

In pursuing this agenda, effort is 

being focused on two major areas: (i) 

seed production technologies; and 

(ii) management options for 

production in different farming 

systems. While seeking to improve 

understanding of the whole process, 

the biological, marketing, social and 

institutional factors need to be 

addressed appropriately if significant 

and sustainable increases in 

aquaculture production are to be 

achieved. 

  

Objectives 

 

 Increase fish production and 

optimize water use for the 

benefit of urban and rural food 

security.  

 Develop technologies for 

diversification and 

intensification of aquaculture 

that help in maintaining and 

improving its economic viability 

under Egyptian conditions. 

 Improve understanding of the 

aquaculture-adoption process in 

the region. 

 Strengthen capacity to manage 

sustainable aquaculture through 

provision of regional and 

national training on various 

aspects of improved aquaculture 

production techniques.  

 

2002 Results 
 

A number of experiments were 

conducted to enhance the technical 

and economic viability of existing 

culture practices, mainly to 

overcome the economic difficulties 

encountered by the fish farmers 

because of the decline in prices of 

tilapia. The approach was to evaluate 

the profit generated by producing 

different sizes of marketable tilapia 

to target different consumer groups 

rather than catering to a limited 

consumer group requiring only 

large-sized tilapia. This was 

investigated by testing different 

culture periods, stocking densities 

and sizes and also different species 

such as tilapia, mullet and African 

catfish.  

The results obtained from these 

studies clearly demonstrated that by 

stocking young-of-the-year fry at a 

density of 3/m2  (0.4 g average wt), a 

farmer can earn a net profit twice as 

much as that with over-wintered 

fingerlings (12 g average wt) in a 

three-month rearing period. This is 

largely because of savings on feed 

costs and pond management. With 

the same stocking system and a six-

month growing period, the net profit 

with young-of-the-year fry was 

about 40% higher than that in the 

case of over-wintered fingerlings. It 

was also demonstrated that the 

profit from a six-month culture 

period with a single harvest of fish 

was more than double that 

generated by two consecutive three-

month culture periods resulting in 

two harvests of smaller fish.  

 

In 2000 and 2001 research by the 

WorldFish Center demonstrated a 

simple low-cost technique for 

spawning of Clarias gariepinus. To 

disseminate the technique a three-

day practical training course was 

organized in June 2002 for six fish 

farmers from four different regions 

of Egypt. Six weeks later the trainees 

were invited to return and see the 

fingerlings produced from the trials 

conducted earlier. This was a very 

successful approach and it has 

encouraged them to adopt the new 

technique in their own farms. 

Following this training activity one 

farmer produced several thousand 

fingerlings already in 2002 and is 

now planning to expand this to a 

larger scale. 

 

In order to improve understanding 

of the dynamics of production 

economics at farm level, a pilot study 

was initiated in the Fayoum region in 

collaboration with the Fayoum Fish 

Farming Association consisting of 

more than 20 farms representing 

different farming levels. Data were 

collected to assess the economic 



viability of various culture practices. 

Analysis of results is underway and 

will be used to provide advice to the 

Association and to help design 

future research at the farm level and 

in experimental ponds. 

 

Complementing this work a 

brainstorming session was held on 

21 May to discuss development of a 

study of fish demand and supply in 

Egypt.  Participants representing 

different groups concerned with 

fisheries and aquaculture as well as 

social scientists in Egypt attended 

the meeting. Follow-up discussions 

with potential partners were 

continued to plan for future work. 

  

Activities for 2003 

 

 Conduct production 

experiments to enhance 

productivity, technical and 

economic viability of culture 

systems and help evolve 

appropriate practices for 

diversification of aquaculture. 

 Develop feed formulations for 

different stages of cultured 

species as well as those with 

high potential for culture, 

utilizing locally-available 

ingredients from both animal 

and plant origin, replacing costly 

imported feed ingredients for 

increasing profitability in 

operations. 

 Continue the study of farm 

economics in Fayoum and 

extend it to cover other 

representative areas of 

aquaculture systems in Egypt in 

order to develop a better 

understanding of the farm 

economics of different 

aquaculture practices in Egypt.  

 Initiate a study of fish demand 

and supply as a basis for 

improved understanding of the 

socioeconomic and market 

factors affecting future 

development of aquaculture 

and fisheries in Egypt. 

 

WorldFish Center Staff  
 

Gamal El-Naggar; George John; and 

nationally-recruited staff 

  

Collaborating Institutions 
 

Egypt: Central Laboratory for 

Aquaculture Research; FAO; 

Arab Organization for 

Agriculture Development 

(AOAD); and Near East 

Foundation (NEF) Regional 

Office 

Malawi: Malawi National Aquaculture 

Center   

Cameroon: Institut de Recherche 

Agricole pour le Dévelopment 

and the Ministère de l'Elévage, 

des Pêches et des Industries 

Animales; and IITA  

The Netherlands: Wageningen 

University, Institute of Animal 

Sciences (INREF-POND project) 

 

Advisory Services and Training 
 

El Naggar, G.O.  Practical feeding 

during early stages; sex reversal 

phase; grow out and broodstock 

(lecture). A Training Program on: 

Application of Nutritional Principles 

and Practices In Various Farming 

Systems. Organized by the WorldFish 

Center and the Multisector Support 

Program, MSSP, of the European 

Community, Abbassa, Egypt, 11-14 

March 2002. Trainees were 19 fish 

farmers from 3 Egyptian 

Governorates with pioneering 

commercial aquaculture activities.  

 

El Naggar, G.O.  Fish feed formulation 

(lecture). A Training Program on: 

Application of Nutritional Principles 

and Practices in Various Farming 

Systems. Organized by the WorldFish 

Center and the Multisector Support 

Program, MSSP, of the European 

Community, Abbassa, Egypt, 11-14 

March 2002. Trainees were 19 fish 

farmers from 3 Egyptian 

Governorates with pioneering 

commercial aquaculture activities.    
 

El Naggar, G.O.  Tilapia broodstock 

management and seed production 

(lecture). A Training Program on: 

Tilapia Culture in Fresh and 

Brackishwater. Organized by the 

WorldFish Center and FAO (Regional 

Office for the Near East), Abbassa, 

Egypt, 21 April to 2 May 2002. Five 

participants from Jordan, Lebanon 

and Palestine attended the program. 

El Naggar, G.O.  Principles of fish 

nutrition (lecture). A Training 

Program on: Tilapia Culture in Fresh 

and Brackish Water. Organized by 

the WorldFish Center and FAO 

(Regional Office for the Near East), 

Abbassa, Egypt, 21 April to 2 May 

2002. Five participants from Jordan, 

Lebanon and Palestine attended the 

program. 

 

El Naggar, G.O.  Tilapia nutrition and 

practical feeding (lecture). A Training 

Program on: Tilapia Culture in Fresh 



and Brackish Water. Organized by 

the WorldFish Center and FAO 

(Regional Office for the Near East), 

Abbassa, Egypt,  21 April to 2 May 

2002. Five participants from Jordan, 

Lebanon and Palestine attended the 

program. 

 

El Naggar, G. O., Waheed Elwan and 

M. Yehia. 2002. Practical training 

course on natural spawning of 

African catfish (Clarias gariepinus). 

The training was organized by the 

WorldFish Center, Abbassa, Egypt, 3-

5 June 2002 and attended by six 

practicing farmers and NARS.  

 

Conferences and Workshops 
 

El Naggar, G.O. Fish farming in 

Jordan: current status, potential and 

challenges (presentation). A 

Strategic Planning Workshop, 

organized by the Near East 

Foundation Office in Jordan and the 

WorldFish Center, Amman, Jordan, 

28 October 2002. Over 40 

participants attended the workshop 

including the Minister for Water and 

Irrigation, chairman of the Jordan 

Valley Authority and other 

government officials, local NGOs and 

fish farmers and other stakeholders. 
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